We quantified the impacts of hot summer air temperatures on tourism in the Swiss Alps by analysing the relationship between temperature and overnight stays in 40 Alpine resorts. Several temperature thresholds were tested to detect the relationship between them and summer tourism. Our results reveal significant correlations between the number of nights spent in mountain resorts and hot temperatures at lower elevations. The relationship between hot temperatures and overnight stays is more important in June and to a lesser extent in August than in July. This is probably because holidays and the peak of domestic tourist demand in summer usually take place between the beginning of July and mid-August so that long-term planned stays dominate more during these months compared to June. The alpine resorts nearest to cities are most affected by hot temperatures. This is probably because reactions to hot episodes take place on a short-term basis as heat waves remain relatively rare. Our results suggest that alpine tourist resorts could benefit from hotter temperatures at lower elevations under future climates. Tourists already react on a short-term basis to hot days and spend more nights in hotels in mountain resorts. If heat waves become more regular, it seems likely that tourists will choose to stay at alpine resorts more frequently and for longer periods.
Introduction
The Swiss Alps are a traditional destination for tourism, an important component of the Swiss economy. Tourism ranked fourth in the Swiss national export balance in 2006, with a 6.2% share of gross domestic product (GDP) (STV-FST 2008) . Of a total revenue of CHF 21.6 billion for the tourism sector in 2004, 44.9% originated from domestic tourism (STV-FST 2008 ). Switzerland's tourism competitiveness ranks 1st among 133 countries (WEF 2007 (WEF , 2008 (WEF , 2009 , meaning that it is considered to have the most attractive environment for developing the travel and tourism industry. Austria and Germany, two other Alpine countries rank 2nd and 3rd in these reports.
Tourism is the key growth sector in mountain areas: tourism intensity (number of tourists' overnight stays compared to the number of residents) in Switzerland is highest in three administrative Alpine regions: Graubunden, Valais and the Bernese Oberland (OFS 2007) . Tourism accounted for 30% of GDP and 30% of total employment in Graubunden (25% and 30% in Valais) in 2007 (STV-FST 2008) .
All IPCC scenarios (IPCC 2007a ) predict a decrease in snow cover, particularly at lower altitude, in connection with temperature increases. Many alpine resorts are thus expected to become less reliable for snow activities in the future (Elsasser and Buerki 2002; Elsasser and Messerli 2001; Hantel and Hirtl-Wielke 2007; Koenig and Abegg 1997; Marty 2008; OcCC-ProClim 2007; Scherrer and Appenzeller 2006; Wielke et al. 2004) . The potential annual costs of climate change in Switzerland, taking into account losses in winter tourism, have been calculated to be CHF 1.8 to 2.3 billion (US $ 1.1 to 1.4 billion) by 2050, i.e. 0.3% to 0.4% of the Swiss GDP for 1995 (Meier 1998) . Alpine ski resorts will thus have to plan and implement adaptation strategies if they are to survive (Elsasser and Buerki 2002; Elsasser and Messerli 2001) . One of these strategies could be to make better use of the summer season.
Numerous studies have examined the recent increase in summer heat waves in Europe, particularly after the heat waves of 2003 (Della-Marta et al. 2007a Rebetez 2004; Rebetez et al. 2006; Schaer et al. 2004; Seneviratne et al. 2006; Stott et al. 2004) , and the climate models associated with all the IPCC scenarios (IPCC 2007a) predict hotter summer temperatures and more heat waves in the future. In connection with climate change, several studies (Amelung and Viner 2006; Ceron and Dubois 2000; Hamilton et al. 2005; IPCC 2007b ) predict a gradual shift of tourist destinations further north and to higher altitudes in Europe, but no study has yet been conducted to verify if hot summer temperatures generate an increase in tourist demand in Alpine regions.
In Alpine regions, tourist demand is determined by many factors such as climate, landscape, access to lakes, prices, public indoor facilities, etc. A couple of studies have shown that climate conditions are amongst the dominant factors affecting choice of destination (Hamilton and Lau 2006; Lise and Tol 2002) . However, no study has investigated the impact of weather conditions in lowland regions (the push factor) on the tourism destinations. In this paper, we quantify the observed impact of hot summer air temperature on tourism demand in the Swiss Alps by analysing the relationship between temperature and overnight stays at 40 Alpine resorts. Several temperature thresholds were tested to detect whether there was a relationship with summer tourism. We restricted our study to domestic tourism in order to detect whether hot temperatures at lower elevations were resulting in lowland residents spending time at higher elevations in the Alps.
Data and methods
We used the number of overnight stays for domestic tourism from 40 Swiss Alpine resorts (Fig. 1) . The data originated from the datasets of the Federal Statistics Office (FSO) . We used data from the four main Alpine administrative regions in the Swiss Alps: Vaud, Valais, Bern and Graubunden. In each region, we selected all Alpine ski resorts above 1000 m asl with a minimum of 500 beds during at least eight of the 10 available years for the period 1997 to 2007 (2004 data are missing in the FSO dataset). We limited our study to 10 years in order to have the most homogeneous data for available beds in each resort and the most homogeneous population size and behaviour in the related lowland cities. The absolute number of domestic overnight stays was averaged by the number of available beds for each month and at each of the 40 selected resorts. We removed the trends from the series.
The resulting series were correlated with temperature and sunshine duration data provided by MeteoSwiss. For both these meteorological parameters, we used several thresholds, either above an absolute
• C value or a relative value above a percentile, as described in Table 1 . The temperature values originate from the main Swiss cities at lower elevation (Geneva, Neuchatel, Basel and Zurich), primary sources for domestic tourists seeking to escape the heat of summer.
We used daily maximum temperature values for June, July and August (JJA) and computed the monthly number of days above two thresholds, i.e. higher than 25
• C according to the common definition of a summer day (Alexander et al. 2006 ) used by MeteoSwiss or higher than percentile 80 of daily summer values (JJA) during the period 1997 to 2007 (without 2004) , as used for instance by Rebetez (2004) for the definition of abnormally hot days. We also computed the sum of degrees per month over these two thresholds. All series were detrended.
We used relative sunshine duration from three meteorological stations at higher elevations in the Swiss Alps: Montana, 1508 m asl, for the regions of Valais and 
Vaud, Adelboden, at 1320 m asl, for the Bernese Alps, and Davos, at 1,590 m asl for Graubunden. Thresholds were chosen for absolute (above 70%) and relative values (above percentile 80). Both the monthly number of days and the sum of daily percentages above every threshold were computed and detrended. As potential explanatory factors for the differences observed in the resulting correlations, we also computed the average length of stay in every Alpine resort and the distance in km and hours between each resort and the nearest main city (Lausanne for Vaud and Valais, Bern for the Bernese Alps and Zurich for Graubunden) using www.mappy.ch. We also correlated the average length of stay with the meteorological values (both temperature and sunshine duration).
Results
Pearson's correlation coefficients for the summer months' temperature in relation to overnight stays are shown in Table 2 . We combined all methods for the classification of the resorts (Table 2 , right column).
Twenty-four resorts had at least one significant correlation, but there were strong differences between resorts and months. Fourteen resorts had at least one significant correlation with all four methods or thresholds for at least one month (usually June) or with at least three methods and for at least two months. Significant correlations were observed in every region, but less frequently in Graubunden: 38.9% of the resorts in Graubunden compared to 57.1% in Bern, 83.3% in Valais and 100% in Vaud. Significant correlations were observed more frequently in June (up to 15 resorts) and to a lesser extend in August (up to 10) than in July (up to 4). The Pearson's correlation coefficients for the summer months' sunshine duration in relation to overnight stays are shown in Table 3 . These results are less significant than those concerning temperature: 20 Alpine resorts had at least one positive significant correlation with sunshine duration compared to 24 with temperature. Bernese resorts had the greatest number of positive significant correlations: 71.4% of the resorts had at least one positive significant correlation compared to 66.7% for Vaud, 44.4% for Graubunden and 41.7% for Valais. The average length of stay in every Alpine resort and the distance from the nearest important city are shown in Table 4 . June has the shortest mean average length of stay (2.54 nights) compared to August (2.94) and July (3.03). The shortest average length of stay took place in June for 77.5% of the resorts, in August for 17.5% and in July for 5% of the resorts. The Bernese Alps were the only region where the shortest average length of stay was more frequent in August (57%). The longest average length of stay took place in July for 65% of the resorts. There were no important differences between regions for this parameter.
Graubunden and East Valais resorts were located the furthest, in time and space, from the nearest main city. There was a significant negative correlation between the distance by car both in time (R = −0.28, p = 0.08) and space (R = −0.30, p = 0.06) from the nearest main city (Table 4) and the relationship between temperature (Table 2 , right column). But the correlation between the mean monthly average length of stay in June-July-August (JJA) and the relationship between temperature and overnight stays is not significant (R = −0.20, p = 0.22). The results of the multiple regression analysis show that there is no significant correlation between the distance (in time or space) and the mean length of stay in JJA (Table 5) .
Discussion
Our results show that there is an impact of high temperature values at lower elevation on the number of overnight stays made by domestic tourists in the Swiss Alps: 24 resorts revealed a correlation between the number of hot days at lower elevation and the number of overnight stays in the mountains. The correlation with temperature was stronger than with sunshine duration (20 resorts) despite the well-known positive correlation between temperature and sunny days in summer in the Swiss Alps: contrary to winter-time conditions, at higher elevation, a summer rainy day is colder on average than a sunny day (Rebetez 1996) . The number of overnight stays in the Alpine resorts of Vaud, Valais and Bern had a higher correlation with temperature compared to Graubunden, where the correlation with sunshine duration was stronger than with temperature. This can be explained by the distance to the nearest main city. The reaction to hot summer temperatures was highest in Vaud, where the alpine tourist destinations are closest to the nearest main cities, and lowest in Graubunden, where the distance to the main cities is greatest. A possible explanation for this is that when people take a last minute decision to go to the mountains because of hot temperatures they prefer to go to nearby locations. There are some exceptions, such as Samnaun or Silvaplana, that are situated far away from the main cities but correlate well with hot temperatures. The differences which appeared between some nearby resorts such as Lenk and Kandersteg probably depend on factors other than the distance to the nearest main cities. For all these resorts, further studies, including multifactorial analyses (marketing done by the resort, public infrastructure in the resorts such as swimming pools, special seasonal offers, etc.) could explain specific behaviours. The significant negative correlation between the distance by car (both in time and space) from the nearest main city and the relationship between temperature and overnight stays suggests that the shorter the distance, the more likely the tourists are to visit the resorts during hot temperatures.
The stronger correlation observed in June and August compared to July is probably due to school holidays and to the peak domestic tourist demand in summer, which takes place from the beginning of July until mid-August. This is normally the hottest time of the year, when long stays are planned well in advance, independent of the weather. The average length of stay was shortest in June, which suggests that occupancy may have been determined more by short-term decisions. In order to confirm this hypothesis, it would be necessary to know the reservation dates of the stays, but these data unfortunately do not exist. August has a slightly shorter average length of stay than July. This may be because school holidays normally end in early or mid-August. The stronger correlation with temperature in August compared to July may be because overnight stays are again organized on a shortterm basis.
Conclusion
Our results demonstrate a correlation between domestic tourist demand and hot summer temperatures in the Swiss Alps. Particularly during June and, to a lesser extent, August, there is a correlation between the number of nights spent in mountain resorts and hot temperatures at lower elevations, the origin of most domestic tourists.
Alpine resorts nearest to major cities had stronger correlations with hot summer temperatures, and this may be because reactions to hot episodes take place on a short-term basis, with the result that nearby mountain resorts are chosen.
Our results suggest that summer occupancy in Alpine tourist resorts may benefit from hotter temperatures at lower elevations. Domestic tourists appear to react to hot days by spending more nights in hotels in the mountains. If heat waves increase in frequency and intensity, it is possible that domestic tourists will choose to go to mountain resorts more frequently or for longer periods. The observed patterns may affect tourists from larger areas if the summer heat experienced in 2003 or 2006 becomes more frequent.
The results concerning the impact of hot temperatures and sunshine duration on domestic overnight stays show that further studies could include multifactorial analyses (marketing done by the resort, public infrastructure of the resorts such as swimming pools, special offers, etc.) in order to measure the impact of each factor on the overnight stays. Variables other than overnight stays (restaurant covers, cable car use, etc.) could also be included in order to quantify the impact of hot temperature episodes on day trippers.
